Seasonal influenza imposes an enormous burden on society every year, yet many people refuse to obtain flu shots due to misconceptions of the flu vaccine. We argue that recent research in psychology and behavioral economics may provide the answers to why people hold mistaken beliefs about flu shots, how we can correct these misconceptions, and what policy-makers can do to increase flu vaccination rates.
INTRODUCTION
Every year 5-20% of Americans get infected with influenza, leading to more than 200 000 hospitalizations (Thompson et al., 2004) and thousands of deaths (Thompson et al., 2010) . The economic cost of seasonal flu has been estimated to be more than $80 billion annually (Molinari et al., 2007) .
People who wish to reduce their chances of getting sick can choose to be vaccinated. The efficacy of flu vaccines, however, can vary from year to year due to changing strains of the flu virus. A recent study shows that flu vaccines reduce the risk of infection by ∼60% when there is a good match between vaccines and the flu virus (Treanor et al., 2012) .
Despite the availability of vaccines that-though imperfect-decrease one's likelihood of being infected, vaccine coverage is low. For example, among adults 18-49 years old, vaccination coverage in the 2012-2013 flu season was only ∼31% (CDC, 2013 ). An essay in the Journal of the American Medical Association (Talbot and Talbot, 2013) presented the reasons for why some people refuse to obtain flu shots. These are: (i) a belief that vaccines do not work; (ii) a belief that vaccines cause the flu; (iii) a belief that vaccination is unnecessary because one is at low risk of getting infected; (iv) a belief that one should not be vaccinated because one is pregnant or has an underlying medical condition or because one lives with an immunosuppressed individual and (v) a belief that vaccination should be avoided because of an allergy to eggs. As Talbot and Talbot (Talbot and Talbot, 2013 ) discuss in their article, with the possible exception of (v), these beliefs misrepresent the benefits or the risks of vaccination. In their words, 'Misconceptions about influenza vaccine are common and often deeply rooted; for the protection of patients, colleagues, and loved ones, these perceptions must continue to be addressed . . .' ( page 882).
answers. Thanks to the pioneering work of Nobel laureate Daniel Kahneman and the late Amos Tversky, psychologists and behavioral economists have discovered a host of ways people make systematic errors in judgment and decision-making tasks (Kahneman et al., 1982; Kahneman and Tversky, 2000) . These cognitive biases and flaws can show up in virtually all domains of life and affect everything from how we view ourselves (we all like to think that we are better than average in many things that we do) to how much we save for retirement (too little) (Thaler and Sunstein, 2008; Kahneman 2011) .
In addition to documenting the various ways in which humans can systematically err in making choices, researchers have studied how such flaws and biases in decision-making can be ameliorated or corrected through changes in public policies or what behavioral economist Richard Thaler and legal scholar Cass Sunstein call 'choice architecture', i.e. the context in which choices are made (Thaler and Sunstein, 2008) . We believe that the insights gleaned from behavioral economics and psychology can be directly applied to address the misconceptions many people have of flu shots and to increase vaccine coverage.
HEURISTICS AND BIASES IN FLU VACCINATION DECISIONS
It is now understood that the systematic errors people make stem mainly from their use of decision heuristicsroughly, rules of thumb in making decisions (Kahneman, 2011) . While these heuristics provide useful guides for judgment, in complex situations they can often lead decision-makers astray. Consider one such heuristic: the availability heuristic. When estimating the likelihood of events, such as an earthquake occurring or a terrorist attack taking place, people tend to believe that an event is more likely to occur the more easily they can recall examples or the more vivid-or salient-these examples are. This is the availability heuristic. This explains, for instance, why purchases of earthquake insurance increase right after an earthquake, but decrease steadily thereafter (Thaler and Sunstein, 2008) . However, the correlation between salient, immediately available information in one's head and events in the external world may be so low that this process can lead to risk perceptions that are significantly different from the true likelihoods of events occurring.
The availability heuristic can easily give rise to misconception (i)-the belief that vaccines are not effective. There are two possible outcomes for someone who gets vaccinated with an imperfect vaccine: the person could end up getting infected anyway, or the person goes through an entire flu season without getting sick. These two outcomes are not equally salient, however. When someone gets sick, there is an occurrence of an (adverse) event. In the other case-where someone gets a flu shot and does not get sick subsequently-the positive outcome is the absence of the negative outcome. Put differently, we see when the vaccine fails to protect us; but when the vaccine does work, we do not see anything different from our normal state of being. Thus, negative experiences with the flu shot-either one's own or those of friends, family members or colleagues -should be more salient and memorable than the positive experiences, which, by the availability heuristic, could cause us to overestimate the failure rate of flu shots.
Note that, since instances of the vaccine not working are more salient, they should be more 'newsworthy', i.e. the media would be more likely to cover stories about the failures of the vaccines rather than the successes. The failures would also make for better stories to be told to one's friends, family members or even strangers through blogs, social media and other online forums. And if the public are exposed disproportionately to stories of failure through the media, the Web or word-of-mouth, the salience of the negative outcomes would be further enhanced, creating a positive feedback loop-an availability cascade (Kuran and Sunstein, 1999) -that causes people to further exaggerate the failure rate of vaccines.
A large body of research in psychology also shows that people are good at constructing coherent 'stories' in their minds in order to make sense of their often complex and indeterminate world and surroundings-and that these stories do not always accurately describe or explain what is actually going on. For example, people have a tendency to want to see patterns, even in random sequences where orderly patterns do not exist (Kahneman, 2011) . This predisposition toward telling coherent stories, along with the availability heuristic, could also lead to misconception (i), as well as misconception (ii)-the belief that flu shots cause the flu. As discussed above, by the availability heuristic-and perhaps the availability cascade-people exaggerate the association between vaccination and the negative outcome of getting sick. By our tendency to seek causality, we try to construct a coherent story that would explain this association. One story that we can tell ourselves to explain this association is that vaccines do not work [misconception (i)]; another story that explains this association in a coherent manner is that vaccines must cause us to get sick [misconception (ii)].
The same cognitive mechanism may also be behind misconception (iv). To the people who have constructed causal stories in which flu shots actually cause the flu (or have harmful side effects)-or at least enhance our chances of getting the flu-flu vaccination is a terrible idea and so therefore must be avoided by pregnant women or sick people, i.e. people whose immune system has already been weakened by other causes. And if flu shots are more likely to make us sick, then-according to such thinking-we certainly should not be vaccinated if we live with immunosuppressed people whose health could be compromised by our getting a flu shot.
Our cognitive biases also lead people to the false belief that they are invulnerable to the flu, i.e. misconception (iii). Consider someone who has never had a flu shot and has never gotten the flu before. This person might be blessed with a strong, fully functioning immune system. Or this person might have been very lucky to have avoided the flu so far. Perhaps the truth is some combination of these two possibilities. As research in psychology has shown, people have a tendency to ignore or downplay the role that chance elements play in determining how things turn out; people prefer to construct in their mind coherent, causal stories that do not evoke luck to 'explain' why things turned out the way they did (Kahneman, 2011) . Furthermore, people tend to suffer from unrealistic optimism about themselves; in many domains, most people believe that they are above average. For example, it is a well-known finding that most people believe they are above-average drivers; in the business setting, entrepreneurs tend to give their own ventures a higher estimated probability of success than the actual value (Kahneman, 2011) . When it comes to marriage and divorce, people significantly underestimate the likelihood that their own marriage will end in divorce (Fowers et al., 2001) . Thus someone who has never gotten the flu or flu vaccinations before may vastly underestimate their susceptibility by constructing a mental narrative that wholly attributes their influenzafree experiences thus far to their having superior health or genetics.
SOME POLICY IMPLICATIONS
What can we do to dispel flu vaccination myths and correct people's misconceptions? Given that people use the availability heuristic in many judgment tasks, one possibility is to enhance the salience of the positive outcome from getting flu shots-i.e. find ways to make more memorable and vivid the instances in which people did not get sick after having been vaccinated. For the people who construct erroneous mental narratives in which flu shots have no effect or are in some way dangerous [misconceptions (i), (ii) and also (iv)], policies that seek to strength the association in their minds between flu vaccination and not getting sick should reduce the coherence of their causal stories. Since people dislike cognitive strain, increasing the salience of the beneficial effect of flu shots can hopefully lead those with the misconceptions to rewrite their causal stories and revise their beliefs about flu vaccinations in the right direction.
Just how can the salience of the good outcome from flu vaccinations be magnified? This is where policy-makers can be creative and experiment with different approaches to find cost-effective strategies. Here, we offer a few suggestions.
Put a face on it
This suggestion is based on the premise that interacting with an actual person or seeing somebody talking on a TV or computer screen is more vivid and memorable than reading or hearing information couched in numbers and statistics. Public health departments can produce videos that feature people talking about how they have managed to avoid getting sick after receiving vaccination. Or the government can provide subsidies to hospitals, healthcare providers and pharmacies to produce such videos. These could also include segments featuring people who have gotten sick talking about how they wish they had been vaccinated.
If we want to engage the public at a more personal level, why not mobilize volunteers who have routinely received flu shots in the past to go out in their community and encourage others to get vaccinated? It has been shown that door-to-door canvassing campaigns are highly effective in turning out voters (Gerber and Green, 2000) ; moreover, the effect is bigger when the canvassers come from people's own community (Sinclair et al., 2013) , presumably because people are better able to relate to the canvassers in that case. Community vaccination mobilization programs can be modeled after these door-to-door canvassing campaigns. By associating real people with the beneficial outcome of flu vaccination, by providing a more vivid backdrop of contextual experience through individual encounters and by utilizing local volunteers that people are better able to identify with, these efforts may prove to be more effective than putting out public service messages that state the benefit of vaccination in purely numerical, seemingly abstract, statistical terms.
Public health authorities could also partner with celebrities who can serve as the 'faces' of vaccination campaigns, since well-known figures have the potential to significantly affect people's health-seeking behavior. For example, it has been shown that Katie Couric's weeklong series to promote colon cancer awareness on NBC's Today Show in March 2000-which included Ms Couric undergoing a colonoscopy live on TV-substantially increased the number of colonoscopies performed in the months following the series (Cram et al., 2003) . Celebrity endorsements thus may be effective in raising the rates of flu vaccination.
Make it personal
For people who recognize the benefit of flu vaccinations, know the relevant statistics, but underestimate their own chances of acquiring an infection-because they believe that they are above average-getting them to shift their perspective may help them assess their risk more accurately. It has recently been shown that asking people to consider personally meaningful issues from the perspective of a distant observer enhances their reasoning and decision-making (Kross and Grossmann, 2012) . This suggests that asking people to act like an outside observer and consider the flu vaccination decision of someone like them may improve their assessment of their own risk and lead to higher rates of vaccination.
One method that may get people to take a more distant perspective is to produce public service announcements that -instead of directly asking the audience to consider what they themselves should do in terms of flu vaccinations-describe the situation of some person (let's call her Donna) and ask the audience to think about what Donna (or someone else in a similar situation) should do. The key, of course, is to choose this character Donna so that the audience can easily relate to her. The idea is that people may be more likely to make an objective assessment of their own situation once they have had to consider what someone else like them should do under similar circumstances.
We can also enhance the downside-the loss-from not getting flu shots by prompting people to think about the last time they or someone close to them were sick with the flu. Although people may understand at an abstract, theoretical level that not getting immunized increases one's chances of getting sick, the more vivid and visceral examples provided by one's own experiences or the experiences of people one is close to should be more effective in getting people to think about the consequences of getting sick compared with public health messages that simply tell people to 'take time to get a flu vaccine' (CDC flyer).
Framing health issues
We can draw on psychology and behavioral economics for other ways that could increase vaccination rates. An important and robust finding from recent research is loss aversion: people dislike the loss of something more than they like gaining it (Kahneman, 2011) . This is why, among the many implications of this result, how choices are described or 'framed' can affect people's decisions.
To illustrate this, Kahneman describes in his book a study that found that whether the short-term risk of surgery to treat lung cancer is described in terms of the survival rate or in terms of the mortality rate affects how likely physicians will prefer surgery to radiation treatment. In particular, since the mortality rate evokes losses while the survival rate evokes gains, the study found that surgery is a much more popular option when its risk is couched in terms of the survival rate. Though describing risks in terms of the survival rate and mortality rate are logically equivalent, losses loom larger than gains in the physicians' minds; hence surgery does not seem as good of an option when its risk is described in terms of losses.
Examples like this suggest that how we describe the benefit of flu shots may be critical in determining how likely people are to get immunized. Recently, one of us called a doctor's office to schedule a physical and, while being put on hold, heard the following recorded message: 'Did you know that a flu shot can reduce your risk of getting the flu by up to 80%?' A message like this seeks to encourage vaccination by expressing it in terms of a gain (reduction of risk). However, the principle of loss aversion suggests that it may be more effective to 'reframe' this message and highlight the loss that one could experience without immunization; for instance, something like: 'Did you know that your risk of getting the flu increases by up to 400% if you are not immunized?' The two messages are mathematically equivalent [let x denote the probability of getting infected without vaccination. Let y denote the probability of getting infected with vaccination. If ε denotes the efficacy of the vaccine (ε = 0 means the vaccine is completely ineffective; ε = 1 means the vaccine is perfectly effective), then y = (1 − ε)x. We are told that (x − y)/x ≤ 0.8. Since (x − y)/x = x − (1 − ε)x/x = ε, we have ε ≤ 0.8. Now, consider the percentage change in infection risk if getting immunized is the 'default' position: by not getting vaccinated, the percentage change in risk is
2 100 ¼ 400]; however, given that losses weigh more than equivalent gains in people's minds -loss aversion-the latter message could spur more people to action and get vaccinated.
Relatedly, couching such messages in terms of losses may also be more effective in making people think about how much regret they would experience if they did not get immunized and then subsequently came down with the flu. As research has shown, anticipatory regret is an important determinant of flu shot behavior (Weinstein et al., 2007) . One vital implication of studies looking at loss aversion, framing, and anticipatory regret is that how the consequences of getting a flu shot (or not) are presented to people can-by influencing their perception of the cost and benefit of vaccination-significantly affect their flu shot decisions.
While a recent meta-analytic review comparing the effectiveness of gain-and loss-framed messages for promoting vaccinations (of various types) found no significant difference (O'Keefe and Nan, 2012), the analysis included only eight studies of flu shots; moreover, as the authors of the review point out, the studies in the review tended to have small sample size. Hence, more research on this topic should be carried out to provide a clearer picture of how framing affects individuals' decisions to get flu vaccinations.
Power of commitment
Certain people may intend to get vaccinated, but keep putting off doing so-and end up not obtaining a flu shot. This could occur because these people never get around to making a firm plan to actually get a flu shot. The study by Milkman et al. (Milkman et al., 2011) , which showed that asking people to write down the date and time for when they plan on getting their flu shot slightly increased the vaccination rate relative to those who were not prompted to do so, suggests that getting people to plan more concretely about when to get vaccinated may have some positive effect on vaccine coverage.
Some people may continually put off getting a flu shot because of what behavioral economists refer to as time inconsistent behavior (Loewenstein and Prelec, 1992) . Briefly, time inconsistency happens when what action one plans to take at a certain point in time differs depending on when the plan is made. Thus, someone who exhibits time inconsistency could plan on getting a flu shot in 2 weeks, but change that plan when the 2 weeks are over. By repeating this kind of pattern, a person who has every intention of getting vaccinated at some point in the future would end up never getting a flu shot.
One method to prevent people from always putting off certain tasks is to offer them pre-commitment devices. Just like Ulysses tied himself up to prevent being lured by the Sirens, people who exhibit time inconsistent behaviorand are aware of their tendency to put things off-may be willing to sign up for flu shot appointments that are difficult or costly to cancel in order to bind themselves to the decision to be vaccinated. The downside of offering such binding vaccination appointments is that other people may be less willing to sign up for appointments. This illustrates the importance for policy design of knowing what proportion of the unvaccinated population is composed of people who continually put off getting a flu shot due to their time inconsistent decision-making.
DISCUSSION
A major concern in the public health community is the persistently low rate of flu vaccination in the general population. There are several possible reasons one may choose not to be vaccinated. For instance, some people may forego vaccination due to financial constraints; some may be disinclined to be vaccinated due to cultural mores; some may want to get a flu shot, but find it inconvenient to do so and end up skipping it altogether and some people may eschew vaccination because they believe it to be unnecessary, ineffective or downright detrimental to one's health.
Standard economic perspective
From the economist's perspective, people's decision to get vaccinated or not ultimately comes down to some sort of cost-benefit analysis: an individual would choose to be vaccinated if the ( perceived) benefit of vaccination outweighs its ( perceived) cost; and if the cost outstrips the benefit, then an individual would choose not to get a flu shot. It is important to note that the components of cost and benefit in individuals' cost-benefit calculus need not all be pecuniary. For example, cultural norms or religious proscriptions that discourage people from the use of modern medicine are factors that add to some individuals' cost of vaccination, even if these are not part of the sticker price of a flu shot. Similarly, if flu shot clinics or doctor's offices are far away or highly inaccessible, that would increase one's personal cost of vaccination. On the benefit side, if one is easily influenced by the opinions and actions of one's peers-and is more likely to get a flu shot the more people in one's social circle that do so-then observing one's friends getting vaccinated would enhance one's perceived benefit of vaccination. Certainly, what goes on an individual's cost-benefit balance scale-and how much each factor weighs-can differ from person to person.
Standard economic analysis suggests that, to increase flu vaccination rate, individuals' benefit of vaccination must be raised, or their cost of vaccination must be decreased somehow. This is the reason why many in the public health community are in favor of providing flu shot subsidies to individuals, and why some companies set up flu shot clinics right in the workplace rather than have their employees-if they bother to do so-go find one themselves. A study conducted by Chapman et al. (Chapman et al., 2010) has shown that even just eliminating the inconvenience of having to schedule a flu shot appointment-by scheduling the appointments for the study subjects (which they were free to cancel)-increased vaccination rate significantly.
As we have discussed in this essay, a major reason for why some people refuse to get vaccinated is their misconception of either the benefit or the cost (or, in some cases, both) of getting a flu shot. Whether it is a belief that flu shots are ineffective, cause people to get sick, or are unnecessary because one is not susceptible to the flu, these misconceptions-by erroneously minimizing the benefit of vaccination or inflating the cost side of it-tip the scale decidedly in favor of not getting a flu shot.
For people who hold such mistaken beliefs, standard policy prescriptions such as subsidizing vaccinations may not be highly effective at changing their behavior without correcting their perceptions of what vaccines can and cannot do. Some recent studies have shown that, while reducing the monetary cost of getting a flu shot could increase vaccination rate, the effects of vaccination subsidies may be quite small. For example, Ward (Ward, 2014) looked at a free vaccination program offered to Ontario residents between 25 and 64 years old. Introduction of free vaccines increased uptake, but only modestly. A simple difference-in-difference showed only an 8% increase in uptake after program introduction. Using a randomized controlled trial with students in Pennsylvania colleges, Bronchetti et al. (Bronchetti et al., 2015) showed that incentivized payments to individuals raised take-up rates only slightly. Even with substantial monetary reward ($30 on top of out-of-pocket costs) and directed emails, take-up rates in treated populations were no >20%. Results like these suggest that the lowvaccination rate is not mainly due to the monetary cost of getting flu shots, and that we should also focus on people's perceptions of the benefits and other costs of vaccination.
Why behavioral economics
Behavioral economists and psychologists have made enormous strides recently in studying how errors and biases arise when people process information, and how these affect the decisions people make and the actions they take. For example, cognitive biases such as the availability heuristic, our propensity to believe that we are above average in many domains of our lives, and loss aversion can significantly impact how we view the cost and benefit of our actions. The study of time inconsistent behavior shows that it is possible for our perception of costs and benefits to change depending on how far in advance we make our plans [see Dubov and Phung (2015) for a discussion of how other cognitive biases could be at work in affecting people's vaccination decisions].
The results that researchers in behavioral economics have obtained could be applied to study how misconceptions about flu shots arise and what public health authorities can do to dispel mistaken beliefs about vaccinations. In this vein, behavioral economics should not be thought of as a competing alternative to the standard economic framework for thinking about flu shot behavior; rather, behavioral economics complements the existing conceptual framework by providing us with a more nuanced perspective on how people view the benefits and the costs of vaccinations.
It should be noted that the main theoretical models of health behavior, e.g. the Health Belief Model, the Theory of Reasoned Action and the Theory of Planned Behavior, share many of the key features of the standard economic model as applied to the health domain [see Clark and Houle (Clark and Houle, 2009) , for a brief summary of these health behavior models]. Common to these models is the idea that people's intentions, attitudes and beliefs (about one's susceptibility to disease or the effectiveness of various actions in preventing disease, for example) are instrumental in determining their health behavior. In these conceptual frameworks, an individual's behavior is ultimately the result of one's calculating and weighing the perceived benefits of taking various actions. Because of the affinity between the existing theoretical models of health behavior and the standard economic model, and because behavioral economics is best viewed as a complement to the standard economic framework in the context of flu shot behavior, we believe that behavioral economics also helps to enrich these models of health behavior in thinking about flu vaccination. In particular, behavioral economics complements these health behavior models by providing researchers and public health officials with a better understanding of the factors that can affect people's intentions, attitudes and beliefs, which lie at the heart of these models.
Consistent with the World Health Organization's agenda on health promotion (WHO, 2009), behavioral economics research suggests that to address comprehensively a health issue such as under-vaccination against the flu requires a multi-sectoral approach that includes coordination among several actors such as the government, the health sector, the media and perhaps industry and voluntary organizations. Because our perception of the costs and benefits of various actions can depend on our socioeconomic status and cultural factors, any programs or policy recommendations for increasing flu vaccination rate must be sensitive to local economic, social and cultural conditions.
CONCLUSION
The field of behavioral economics has made significant advances in recent years in understanding how people make decisions. Given the tremendous costs that influenza imposes on society year after year and the high number of people who do not get flu shots, we should pay close attention to the findings from the scholars in behavioral economics to figure out how best to redesign people's choice architecture in the context of flu shots. If we can 'nudge' people to make different (perhaps some would say better) choices through small changes in people's choice architecture that involve relatively little cost to society (Thaler and Sunstein, 2008) -and save society much more due to illnesses avertedthen that is definitely a trade-off worth making.
